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S1. Materials characterizations 
X-ray diffraction (XRD) was used to determine the phase and structure of the obtained 
products of FeVI-encapsulated pellets. The XRD patterns were obtained using CuKα radiation on 
Philips X’pert Pro (Model Philips X’PERT MPD, USA) diffractometer. The X-ray was 
generated with a current of 40 mA and a potential of 40 kV. The samples were scanned from 20 
to 80 degrees (2θ) in steps of 0.02 degrees per second. Verification of the capsule contents was 
aided by employing Fourier Transform Infrared Spectroscopy (FTIR) to characterize the 
functional groups distinctive to the binding material (i.e., chitosan), the protective layer and the 
active ingredient (i.e., FeVI).  
The morphologies of samples were observed with field emission scanning electron 
microscopy (FE-SEM) (S-3400N, Hitachi, Japan) operated in a high-vacuum mode with 
secondary electron image conditions and the electron micrograph technique. The SEM operated 
at 3 kV to 30 kV with an ultimate resolution of 10 nm to 3.0 nm. The magnification range from 5 


















Figure S1. Photo and SEM images (50x magnification) for (a) FeVI/OA/chitosan; (b) FeVI/OA 
(with Tween 80)/chitosan; (c) FeVI/CO/chitosan; and (d) FeVI/CO droplets; (e) cross-section view 





Figure S2. Representative X-ray diffractometry of a chitosan-encapsulated FeVI pellet. 
Characteristics peaks of both potassium ferrateVI and chitosan are clearly present. 
 
 
Figure S3. A typical FTIR spectra of a chitosan-encapsulated FeVI pellet: (a) K2FeO4 powder; 
and (b) chitosan-encapsulated K2FeO4.  
 
  
S2. Stability studies 
 
S4. The amount of chitosan needed to reduce FeVI to FeIII during the titration experiment of 
K2FeO4 solutions (80-400 mg/l) with 0.5% chitosan (w/v in acetic acid). The linear function 
suggests that a stoichiometric reaction between chitosan and K2FeO4. 
 
 
Figure S5. Remaining K2FeO4 concentration in the encapsulated ferrate over the first 20 days 

































S3. Adsorption of methyl orange by chitosan 
40 mg of chitosan powders were mixed with 20 ml of methyl orange at concentrations 
between 5 mg/l and 30 mg/l. The solutions were adjusted to various pH levels (2, 5, 6.5, 10) 
using 0.1M NaOH or 0.1M HCl. A sample was taken every 2 h, and solids were removed by 
syringe filtration (0.45 µm), whereas the methyl orange concentration in the filtrate was 
determined spectrophotometrically at 465 nm. The adsorption experiments continued until 
reaching an equilibrium state between the sorbent and sorbate.  
 
 
Figure S6. Possible mechanism of adsorption by ionic bonding between chitosan and 
methyl orange molecules. 
 
 
Figure S7. Adsorption equilibrium profiles of methyl orange at low (5 mg/l) and high 
(30 mg/l) by chitosan at pH 6.5. 
  
S4. Oxidation of methyl orange by FeVI 
The oxidative power of FeVI to methyl orange was determined by directly mixing the 
various amount of potassium ferrate powders with 5 mg/l methyl orange solution, forming FeVI 
concentrations between 6 mg/l and 36 mg/l. The initial sample was taken immediately after 
mixing, and every 2 min thereafter. Sample treatment for determining methyl orange 
concentration followed the procedure mentioned above.    
 
Figure S8. Methyl orange oxidation profiles as a function of reaction time under various 


















































Figure S9. The removal rate of methyl orange in the initial 20 min of reaction with K2FeO4 
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